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ABSTRACT 
Remediation over mercury-contaminated areas become major concern 
and needs to be solved. Recently, various parts of ecosystem were 
contaminated because of increase of mercury emission into environment. 
Methyl-mercury is the most toxic form, which commonly found in 
contaminated area. This pollutant was rapidly increased due to uncontrolled 
emission of mercury from power plan, gold mining process and from other 
sources. The one possible and reasonable method in mercury bioremediation is 
by using genetically modified plant expressing bacterial-mercury resistance 
gene. Group of Mer gene was characterized encode mercury transporter and 
mercury detoxification protein in bacteria. On this study, Blast search on 
database based on known Mer protein sequence, it shows that these proteins 
were conserved among bacteria. These groups of genes are potentially to be 
cloned and transformed into plant for phytoremediation purposes. In order to 
enhance mercury uptake and reduce its toxicity, multiple genes transformation 
are considered to be effective approach for transgenic plant construction. This 
transgenic plant should survive in medium with high concentration of mercury 
and it should have activities in mercury uptake, detoxification, and 
Volatilization. 
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ABSTRAK 
Pembersihan kontaminasi logam berat merkuri di berbagai habitat 
merupakan suatu tantangan yang harus segera diatasi. Akhir-akhir ini 
kontaminasi merkuri terjaadi semakin meningkat karena emisi yang semakin 
tidak tekendali dari bernagai kegiatan termasuk pembangkit listrik, 
penambangan emas, dan dari sumber lainnya. Bentuk logam ini yang paling 
beracun adalah Metil-merkuri, yang umum ditemukan di tempat yang 
terkontaminasi. Oleh karena itu, perlu dikembangkan metode dalam 
mengurangi tingkat kontaminasi logam berat tersebut. Salah satu cara yang 
banyak dipikirkan ilmuwan adalah dengan tekhnologi phytoremediasi 
menggunakan tanaman transgeic yang mampu menyerap merkuri dan 
mengurangi tingkat toxisitasnya. Gen yang bisa digunakan dalam tujuan ini 
adalah gen Mer yang berasal dari bakteri. Proein Mer memiliki konservasi 
yang tinggi pada bakteri, dan sangat potensial digunakan sebagai materi 
genetika dalam penyusunan tanaman transgenik. Dalam rangka meningkatkan 
Online Jurnal of Natural Science, Vol. 2 (1): 11-17 ISSN: 2338-0950 
Maret  2013 
 
__________________________________________________________________________________________
_ 
BACTERIAL MER GENES ARE POTENTIAL GENETIC MATERIAL FOR BIOREMEDIATION 
ON MERCURY POLUTION 
12 
 
efficiency dan efektifitas penyerpan logam merkuri, perlu dipertimbangkan 
untuk melakukan rekayasa dengan menggunakan gene lebih dari satu. 
Diharapkan, dengan metode ini dapat dikembangkan suatu tanaman transgenik 
yang mampu menyerap merkuri, mendetoksikasi dan mengubahnya ke bentuk 
lain. 
  
Kata Kunci : Merkuri, Mer Gene, Blast, Remediasi. 
  
 
INTRODUCTION 
 
Various pollutants increase rapidly 
due to human activity in industries, mining, 
and other pollutants sources in addition to 
natural sources. High accumulation of 
pollutants, especially the toxic ones, will 
threaten human’s and other organism’s 
health and ecosystems. 
One serious problem in health and 
ecosystems is significant increase of 
mercury in environment, which directly and 
seriously effect to human health 
(Mozaffarian, 2009, Gardner et al., 2010).  
Mercury is one ubiquitous global 
environmental pollutant and the most toxic 
heavy metal particle, which emitted from 
power plans, and gold mining process. 
Recent estimates calculate that the annual 
global emission is between 4,800–8,300 
tons per year (Ruiz and Daniell, 2009). In 
developed countries, detoxification and 
environmental clean up were usually done 
by highly cost technologies (reach to tens of 
thousands of dollars), which usually based 
on physical and chemical process. 
Therefore, finding alternate remediation 
approaches is a challenging and urgent need. 
Perhaps, it will be useful and applicable 
tool, not only for developed and rich 
countries but also for poor and developing 
countries. 
Bioremediation is reasonable, 
attractive and challenging technology for 
environmental decontamination of polluted 
area. This technology was recently 
developed intensively due to its benefit, 
including environmental friendly, cheaper 
in cost compare to the conventional method, 
and it can be used in large scale of clean up. 
In principle, this technology is tried to use 
exist biological system in order to enhance 
the absorption and detoxification of 
pollutants in certain contaminated area. To 
date, by applying advance cellular and 
molecular technology, and manipulate the 
available genetic material, we can construct 
“bioremediation engine” in various plant 
and bacteria which very useful in 
environmental - decontaminations.  
Online Jurnal of Natural Science, Vol. 2 (1): 11-17 ISSN: 2338-0950 
Maret  2013 
 
___________________________________________________________________________________________ 
BACTERIAL MER GENES ARE POTENTIAL GENETIC MATERIAL FOR BIOREMEDIATION ON 
MERCURY POLUTION 
13 
 
     Group of Mer gene was widely 
used in this purpose (Hussein et al., 2007; 
Ruiz and Daniell, 2009). Several homologue 
genes were also reported and thought to be 
potential genetic materials for mercury 
detoxification and remediation. Here in this 
study we try to identify the potential source 
of material genetics that usually used and 
review the posibility in developing the 
geneticly modified plant, which can be used 
in phytoremediation.  
METHODOLOGY 
      BLAST (Basic Local Alignment 
Search Tool) on homologue genes ware 
performed on the NCBI (National Centre for 
Biotechnology Information) database, using 
known amino acid sequences as queries. 
The amino acid sequences were then aligned 
using the ClustalX program. The 
phylogenetic tree was inferred using the 
neighbor-joining method. The data were 
later visualized as phylogenetic trees using 
the treeview program. 
RESULT 
      Bacterial genes MerA and MerB are 
already identified, as genes that confer 
bacteria become resistance to mercury 
compounds. MerA gene codes for mercuric 
ion reductase, which catalyzes the reduction 
of Hg
2+
 into elemental mercury (Hg
0
). MerB 
is a 638 bp gene that encodes a 24 kDa 
enzyme that undergoes the detoxication of 
organomercurials by cleavage of the 
carbon-mercury bond (Hussein et al., 2007).  
Other homologue of Mer gene called MerC, 
MerG, MerP and MerT were also reported 
having activity in transporting Hg
2+
 into the 
cell (Ruiz and Daniell, 2009). MerC gene 
was also successfully to be transformed into 
Arabidopsis and enhance mercury uptake 
into the plant, suggesting that plat can be 
genetically modified with bacterial metal 
transporter gene (Sasaki et al., 2006). 
      By performing Protein Blast search 
on database, and based on known protein 
sequence of Mer protein we can identify the 
homologue proteins/genes from other 
organisms. In this study we used sequence 
of MerA protein from Serratia marcescens 
as query. Identified homologue proteins 
were shown in Table 1. The homology of 
these proteins can also be seen from 
phylogenetic trees, which drown from the 
alignment data as shown in Fig. 1.  This 
result indicating that, MerA proteins highly 
conserved among bacteria. In addition, 
those bacteria were also can be isolated 
easily from their habitat. Salmonella, 
Pseudomnas, Shigella, Bacillus, and 
Acinetobacter are common bacteria, which 
usually as a contaminant in foods. In 
practical view, we can easily to get genetic 
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material source as a template for cloning and 
transformation. 
We also perform similar Blast search 
for gene/protein of MerB, and MerG. Table 
of Blast data were not shown here, but 
similar result can be drown from the data. 
MerB and MerG genes were also conserved 
among bacterial genes/proteins, as shown in 
Fig. 2 and Fig. 3 respectively. 
DISCUSSION 
Mer proteins are the conserved 
among bacteria, including 
alpa-protobacteria, gama- protobacteria, 
proteobacteria and enterobacter. Several 
genes of this group are already well 
characterized and already shown to be 
cloned and to be transferred in to plant. 
Their activity in transporting mercury 
element into the cell, and converting the 
mercury compound into less toxic form 
were promising process for bioremediation. 
Blast search on genomic database shows 
that Mer genes, including MerA, and MerG, 
can be cloned from various bacteria. This 
data also suggesting that other Mer gene 
homologue will also easy to be found from 
various bacteria. Mesophyllic bacteria like 
Salmonella and shigella are commonly 
found as food contaminans, and can be 
isolated by relatively cheep method. This 
fact is a positive point in developing 
transformation system in order to generate 
transgenic plant. We can get the material 
without any significant difficulties and we 
do not have to pay just for Mer plasmid. 
Previous study already showed that 
transgenic plant expressing MerA (mercuric 
ion reductase) and MerB (organomercurial 
lyase) proteins, enhance mercury uptake and 
detoxification by plant (Heaton et al., 2003; 
Hussein et al., 2008). Those Transgenic 
plants (tobacco, rice, Arabidopsis) could 
accumulate higher mercury within their cell, 
reduce the toxicity and transform into Hg
0
, 
which is volatilized from plants. 
Unfortunately, mercuric ion reductase did 
not protect against the high toxic and 
environmentally relevant organic-Hg. High 
accumulation within the cell is potentially 
disturbing normal cellular function. 
Consequently, at least both the merA and 
merB genes are needed to protect cells from 
organic-Hg. Other mercury transporter such 
as MerG gene is also potential to be used in 
generating of mercury-resistance-transgenic 
plant. MerG from Pseudomones genome 
have been described to be involved in 
phenylmercury resistance (Kiyono and 
Pan-Hou, 1999). 
     Other points should be put on 
consideration in generating transgenic plant 
are: 1) which species of plant is suitable for 
target of mercury remediation, 2) which 
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genes should be set-up in one construct, 3) 
where those set of genes, should be inserted 
(into nuclear genome or into chloroplast 
genome), and 4) to which sub-cellular 
location, the mercury compound will be 
deposited. Several plant species including 
Arabidopsis, tobacco, poplar, rice, peanut, 
salt marsh grass and Chlorella have been 
successfully transformed with MerA and 
MerB genes. These transgenic plant shows 
high tolerant to either organic or anorganic 
mercury contaminant (Ruiz and Daniell, 
2009). But in practice purpose, we should 
consider in where of area that transgenic 
plant would be used. For instance, for 
remediation in seashore, chlorella  
Table 1. MerA genes/proteins homologue 
were identified based on Blast 
Search again MerA protein sequence 
of Serratia marcescens. 
 
Figure 1. Unrooted phylogenetic trees of MerA proteins. 
Blast search was performed based on sequence 
of Escherichia coli MerB protein. The trees 
show conservation of MerB protein in bacteria, 
including Beta-protobacteria (brown), 
Gama-protobacteria (dark blue), proteobacteria 
(green), enterobacter (magenta). 
could be better rather than using 
Arabidopsis or tobacco. Phytoremediation 
in mercury-contaminated garden will be 
suitable if we use non-edible plant such as 
vegetable, in order to avoid mismanagement 
in harvesting. 
     In order to set up the best possible 
transgenic cell/plant for bioremediation, the 
following model could be proposed: 1) 
multiple genes could be introduced into one 
cell/plant, 2) the genes should consisting of 
transporter to enhance mercury uptake from 
outside of the cell into inside of the cell (for 
example MerG and MerC), 3) there should 
also containing gene which encode enzyme 
for reduction of toxic form /detoxification 
such as MerA and MerB, 4) there also gene 
which responsible in accumulation of less 
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toxic form of mercury into vacuole (need 
certain transporter of molecule from 
cytoplasm into vacuole), 5) to reduce the 
toxic effect of high accumulated mercury 
within the cell, that could also coupled to a 
chelator protein like polyphosphate kinase 
(ppk) or metallothionein (mt), 6) these 
multiple transgenic could be done based on 
current possible method, the  genes will be 
introduced either into chloroplast or into 
nuclear genome. 
     In summary, cleaning up of 
contaminated area containing mercury 
pollutant could be done by 
phytoremediation using transgenic plant 
expressing bacterial genes. Transgenic 
plant, which resistance to mercury, can be 
generated by introducing multiple genes 
into suitable plant. So far all evidences were 
based on experimental scale and need to be 
tested in the field. 
 
Figure 2. Unrooted phylogenetic trees of MerB proteins. 
Blast search was performed based on sequence 
of Eschecichia coli MerB protein. The trees 
show the conservation of MerB protein in 
bacteria, including Beta-protobacteria 
(magenta), Gama-protobacteria (dark blue), 
proteobacteria (brown), enterobacter (light 
blue). 
REFERENCES 
Gardner, R.M., J.F. Nyland, I.A. Silva, 
A.M. Ventura, J.M. de Souza, and 
E.K. Silbergeld. 2010. Mercury 
exposure, serum 
antinuclear/antinucleolar antibodies, 
and serum cytokine levels in mining 
populations in Amazonian Brazil: A 
cross-sectional study. Environ Res. 
110(4): 345–354. 
Heaton, A.C.P., C.L. Rugh, T. Kim, N.J. 
Wang, R.B. Meagher. 2003. Toward 
Online Jurnal of Natural Science, Vol. 2 (1): 11-17 ISSN: 2338-0950 
Maret  2013 
 
___________________________________________________________________________________________ 
BACTERIAL MER GENES ARE POTENTIAL GENETIC MATERIAL FOR BIOREMEDIATION ON 
MERCURY POLUTION 
17 
 
detoxifying mercury-polluted 
aquatic sediments with rice 
genetically engineered for mercury 
resistance. Environ. Toxicol. Chem. 
22:2940–2947. 
Hussein, H.S., O.N. Ruiz, N. Terry, and H. 
Daniell. 2007. Phytoremediation of 
Mercury and Organomercurials in 
Chloroplast Transgenic Plants: 
Enhanced Root Uptake, 
Translocation to Shoots, and 
Volatilization. Environ. Sci. 
Technol, 41(24): 8439–8446. 
Kiyono, M. and H. Pan-Hou, 1999. The 
merG Gene Product Is Involved in 
Phenylmercury Resistance in 
Pseudomonas Strain K-62. J. of 
Bacteriol. 181(3): 726–730. 
Mozaffarian, D. 2009. Fish, Mercury, 
Selenium and Cardiovascular Risk: 
Current Evidence and Unanswered 
Questions. Int. J. Environ. Res. 
Public Health. 6: 1894-1916. 
Ruiz, O.N. and H. Daniell, 2009. Genetic 
Engineering to Enhance Mercury 
Phytoremediation. Curr Opin 
Biotechnol. 20(2): 213–219. 
Sasaki, Y., T. Hayakawa, C. Inoue, A. 
Miyazaki, S. Silver, T. Kusano. 
2006. Generation of mercury- 
hyperaccumulating plants through 
transgenic expression of the bacterial 
mercury membrane transport protein 
MerC. Transgenic Res. 15:615–625. 
 
Figure 3. Unrooted phylogenetic trees of MerG proteins. 
Blast search was performed based on sequence 
of Pseudomonas aeruginosa MerG protein. 
The trees show the conservation of MerB 
protein in bacteria, including 
Beta-protobacteria (magenta), 
Gama-protobacteria (dark blue), proteobacteria 
(brown), enterobacter (light blue). 
